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EXPERIMENTAL CONSTRAINTS ON THE MECHANICS OF DYKE EMPLACEMENT IN PARTIALLY MOLTEN OLIVINES
The mechanics of dyke emplacement are poorly understood, because the details of coupling between the viscous stresses, the country rock deformation and the role of fractures are not fully understood.
Modelling macroscopic effects of distributed damage due to either ductile and/or brittle creep rupture requires mechanical parameters for stress-strain distributions and material strength degradation.
The growth of micro-cracks or granular flow may produce degradation of the material ahead of the crack-tip, by reducing the elastic coefficients and by forming an evolving damage zone ("process zone") of deformation ahead of the dyke tip (Delaney et al., 1986; Agnon and Lyakhovsky, 1995; Rubin, 1993; Meriaux et al., 1999) .
For basaltic dykes in partially molten systems, the melt/rock viscosity may be sufficient for dyke growth to be treated simply as a pure elastic process. Therefore flow can be treated as a diffusional process in a poroelastic medium, as long as dykes are large enough to grow 'critically', acting as leading pathways, according to linear elastic fracture mechanics (Rubin, 1998) . This view is supported by field evidences relative to thin dykes (widths of 0.5-5 m) extending over considerable distances (1-10 km). However rapid injection is required in order to prevent the solidification of the magma (Delaney and Pollard, 1982; Spence and Turcotte, 1985) . A complete analysis of the problem requires simultaneous solution of the coupled equations governing host rock deformation and magma flow (Lister, 1990; Rubin, 1993) .
We analysed in the laboratory the mechanics of dyke emplacement, quantifying the migration of 100% basalt dykes into a matrix of 90% San Carlos and 10% MORB olivine, after rock deformation experiments, using a triaxial high-pressure, high temperature Paterson apparatus under different load and temperature conditions. Experiments have been conducted after hot-pressing isostatically (HIP) for 6 hours San Carlos olivine with 10% MORB, fully encapsulated by nickel shells.
Creep and constant displacement rate experiments were performed at 1473 K and confining pressure of 300 MPa, at constant stresses (80-160 MPa) for 45 minutes and constant strain rates ranging from 3x10-4 to 5x10-5 s -1 , with a total strain of ~ 12-13%.
Microstructural observation (backscattered electron images and X ray fluorescence analyses) of the melt distribution around the dyke indicate that no significant melt migration has been observed after 6 hours HIP (Fig. 1) ; whilst deformation experiments (Fig. 2) induced dyke lengthening and width decrease, implying melt propagation. In particular melt migration appears strongly controlled by the stress applied and the dyke geometry and the highest stress concentration is produced at the tip of the dyke. Dilatancy may have produced a drop in the pore pressure, playing an important role in the melt migration. High porosity microstructures favoured melt migration with respect to low porosity structures. Finally the response to the loading suggests that the kinematics of deformation is strongly influenced by plastic mechanisms.
